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University of Utah, Salt Lake City; by ingestion, at the University of Cal-
ifornia at Davis; and by inhalation, at the Lovelace Inhalation Toxicology
Research Institute, Albuquerque, New Mexico. Parallel studies of 226Ra
injected 1 or 8 times into young adult beagle dogs have been conducted
at the University of Utah and the University of California at Davis, re-
spectively, to provide a direct link between the biological responses seen hi
dogs and the human data base (Go86a).

Mays (Ma80) examined the relative effectiveness of chronic alpha and
chronic beta radiations by comparing the average absorbed doses of alpha
and beta radiations required to produce equal incidences of bone cancer
in dogs. When the incidence of bone cancer induced by 226Ra was plotted
against the average absorbed dose of alpha radiation, an approximately
linear relationship was obtained, whereas the plot of 90Sr-induced tumor
incidence was concave upward at higher doses. It was observed that
the effectiveness of alpha irradiation relative to that of beta irradiation
increased as the dose decreased, reaching a value of 26 at an incidence of
8.7%. A similar comparison of mice injected with 226Ra and with 90Sr gave
a relative effectiveness factor of 25 at an incidence of 7.7%. The increase in
relative effectiveness resulted primarily from the decreased response seen
at lower doses in 90Sr-exposed dogs. No bone tumors were seen in dogs
that received an average skeletal dose of 6 Gy or less from 90Sr.

Experiments designed to study the long-term effects of 90Sr ingested
daily in food, as compared with the effects of eight fortnightly injections
of 226Ra (Go86b), also demonstrated the reduced carcinogenic response
of the dog skeleton to chronic beta irradiation as compared with chronic
alpha irradiation. Raabe et al. (Ra83), using a log-normal dose-response
model, reported that the relative effectiveness of these two chronic exposure
modalities was of about equal potency when the average skeletal dose rate
was about 0.1 Gy/day, but that the relative effectiveness of 90Sr at lower
dose rates decreased in comparison with that of 226Ra, eventually reaching
a point at which 90Sr was only 1/30 as effective as 226Ra. The nonparallel
nature of the dose-response relationships seen for 90Sr and 226Ra was
consistent with similar observations made at the University of Utah (Ma80).

A proportional hazards model also has been used to compare the life-
span carcinogenic response from 90Sr inhaled by beagle dogs (Mc86, Gi87)
with the carcinogenic responses from inhalation of 238PuO2 or intravenous
injection of 90Sr, 226Ra or 239Pu (Me86). The results of this comparison
show that the relative risk coefficients for bone cancer from 90Sr are the
same in dogs that received one exposure to inhaled 90Sr or injected 90Sr
and were about 5, 48, and 30 times lower than the relative risk coefficients
for injected 226Ra, injected 239Pu, or inhaled 238PuO2, respectively. Collec-
tively, these studies demonstrate that the risks per Gy of bone cancer from